The report describes the isolation and partial characterisation of a cell fraction that specifically binds a herbicide related to 2,^-D, called NPA. Virtually nothing is known about the initial events which lead to the selective killing action of 2,4-D and related herbicides. Previous studies have established that the herbicide must interact with a specific receptor molecule to initiate the killing action. But the nature of the elusive receptor molecule and its location within the cells of the plant were undecided. The results described in the enclosed report show that at least one herbicide receptor is localized on the surface membrane or plasma membrane of the plant cell. A method is described for isolating this particular membrane and for determining the amount of herbicide bound to it. In ongoing studies , these procedures are being used to determine the initial events in herbicide action and to learn more about the nature of the receptor molecule. This type of information is necessary to evaluate the safety and performance of existing herbicides as well as to develop next and more effective herbicides for the future.
The report is presented for acceptance as partial fulfillment of the objectives of the research and for approval of publication. (Went and Thimann, 1937) .
HERBICIDE-BINDING ACTIVITY
Indirect evidence suggests the location of auxin transport sites to be the plasma membrane (=plasmalemma) (e.g. Hertel and Flory, 1963; Leopold and dela Fuente, 1963; Osborne and Mullins, 1969; dela Fuente and Leopold, 1970 (Morgan and Soding, 1953; Hertel and Leopold, 1963;  Hertel, Muller and Tavares, results unpublished) was used.
r.
• to remove nuclei, plastids, mitochondria and large membrane fragments.
The supernatant containing microsomes and the majority of the cytoplasmic membrane fragments was then top-loaded on a discontinuous gradient consisting of equivolume layers of 0.65, 0.3, 1.1, 1.2, 1.3 and 1.5 M sucrose in coconut milk prepared in a manner identical to the homogenization medium. Gradients were centrifuged for 90 min at 100,000 X g. Fractions were collected from the interfaces of the density layers, resuspended in homogenization medium and pelleted for 20-30 min at 100,000 X g.
For the experiments described in Table 2 Specimens were rinsed thoroughly and dehydrated through a graded acetone series and embedded in epon (Luft, 1961) .
Thin sections were stained with alkaline lead citrate (Reynolds, 1963) or subjected to a PTA-chromic acid procedure that is specific for the plant plasma membrane (Roland, 1969 We first established that the plasma membranes could be specifically distinguished from other cytoplasmic membranes. In electron micrographs of coleoptile cells stained with lead citrate all cellular membranes stained intensely (Fig. 1) . However, using the PTA-chromic acid procedure, only the plasma membrane was intensely stained (Fig. 2) .
Similar results were obtained with plant stems and roots (Roland, 1969; Iiorre, et al.,1970) .
The specificity of the PTA-chromic acid stain for plasma membrane is retained with isolated cell fractions, as reported previously (Iiorre, et al. , 1970) .
Problems of stain penetration into cells or fractions are eliminated since the procedure is applied to thin sections with the stain being equally accessible to all membrane surfaces. Figures 3 and 4 compare plasma membrane-containing fractions stained with lead citrate (Fig. 3) and by the PTA-chromic acid procedure (Fig. 4) . Even with heterogeneous fractions, and in the absence of biochemical markers, amounts of plasma membrane can be accurately quantitated using techniques of electron microscope morphometry.
Based on the radioactivity recovered (93% of total), we estimate that approximately 40% of the membrane-associated NPA binding of the total homogenate was removed in the organelle pellet (10,000 X g) with the remaining 60% being retained in the 10,000 £ supernatant fraction (Table 1) .
These results show that NPA binding was associated principally with some cell component other than nuclei, mitochondria or plastids.
The NPA-binding fraction was concentrated in the 10,000 X g supernatant as were the plasma membrane fragments. Further fractionation of the cytoplasmic membranes of the 10,000 X g supernatant into various
subfractions was achieved by sucrose density gradient centrifugation.
Fractions of varying plasma membrane content (2-367°) and IIPA-binding capacity (65-370 cpm/mg protein) were obtained ( Table 1) . As illustrated in Figure 5 , a direct correlation between plasma membrane content and NPA-binding capacity was observed with a highly significant correlation coefficient (r = 0.95).
The highest proportion of plasma membrane in any fraction from maize coleoptiles was 367,. With stem tissues of onion and kohlrabi, fractions with greater concentrations (<707>) of plasma membrane were obtained. However, these tissues do not yield cell fractions having the consistently high NPA-binding capacity associated with coleoptiles.
The low yield of purified NPA-binding fraction also affected the results.
Over 907, of the NPA-binding activity of the total homogenate was recovered in the 10,000 X £ pellet and supernatant. Yet, on the average, only 12% (5-257») of the total activity was recovered from the density gradients. This may be due to losses of coleoptile plasma membrane during sucrose gradient centrifugation. "Specific activities on a protein basis were not determined due to the contribution of proteins from the coconut milk contained in the isolation medium and present in the fractions. A "HPA ( H-NPA plus unlabeled I1PA) were added to 2 ml aliquots of the total homogenate which had been partially cleared by centrifugation for 10 mill at 1500 X 3. The aliquots were centrifuged for 20 min at 100,000 X 3 and the radioactivities of the pellets and of the supernatant were determined. liaize coleoptile tissue section stained with lead citrate. All membranes and organelles, plasma membrane (Pli), tonoplast (T), mitochondria (Ii) and endoplasmic reticulum (ER) , are intensely stained.
The cell wall (CW) is lightly stained. X 45,000. Electron micrograph of a cell fraction from the sucrose-coconut milk gradient. This preparation was section-stained with lead citrate and shows the numerous vesicles (V) and occasional mitochondrial fragments (M) which characterize the fraction. X 34, GOO. Plasma membrane is easily detected as darkly-staining vesicles (Pil) in sections of isolated cell fractions which have been treated according to the PTA-chromic acid procedure. Other vesicles (V) and mitochondria (M) are unstained or only faintly visible. X 34,300. 
